Defining pathways towards african ecological futures by Scheren, Peter et al.
This is a repository copy of Defining pathways towards african ecological futures.




Scheren, Peter, Tyrrell, Peter, Brehony, Peadar et al. (6 more authors) (2021) Defining 






This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
sustainability
Article
Defining Pathways towards African Ecological Futures
Peter Scheren 1,*, Peter Tyrrell 2,3, Peadar Brehony 4, James R. Allan 5, Jessica P. R. Thorn 6,7 , Tendai Chinho 1,
Yemi Katerere 8 , Vanessa Ushie 9 and Jeffrey S. Worden 1


Citation: Scheren, P.; Tyrrell, P.;
Brehony, P.; Allan, J.R.; Thorn, J.P.R.;
Chinho, T.; Katerere, Y.; Ushie, V.;
Worden, J.S. Defining Pathways
towards African Ecological Futures.
Sustainability 2021, 13, 8894. https://
doi.org/10.3390/su13168894
Academic Editors: Carlos Oliveira
Cruz and Hossein Azadi
Received: 15 June 2021
Accepted: 30 July 2021
Published: 9 August 2021
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-
iations.
Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
1 Regional Office for Africa, Worldwide Fund for Nature, P.O Box 62440-00200, Nairobi, Kenya;
tchinho@wwf.org.zw (T.C.); jworden@wwfint.org (J.S.W.)
2 University of Oxford’s Wildlife Conservation Research Unit (WildCRU), Oxford OX13 5QL, UK;
peterdavidtyrrell@gmail.com
3 Department of Geography & Environmental Studies, University of Nairobi, PR98+VGV, Nairobi, Kenya
4 Department of Geography, University of Cambridge, Cambridge CB2 3EN, UK; peadar_b@hotmail.com
5 Institute for Biodiversity and Ecosystem Dynamics (IBED), University of Amsterdam,
1090 GE Amsterdam, The Netherlands; j.r.allan@uva.nl
6 Department of Environment and Geography, University of York, York YO10 5NG, UK;
jessica.thorn@york.ac.uk
7 African Climate and Development Initiative, University of Cape Town, Cape Town 7700, South Africa
8 Right and Resources Institute, Washington, DC 20007, USA; talk2yemi@yahoo.com
9 African Natural Resources Centre, African Development Bank, Abidjan 01, Côte d’Ivoire; V.USHIE@afdb.org
* Correspondence: pscheren@wwfint.org
Abstract: Africa has experienced unprecedented growth across a range of development indices
for decades. However, this growth is often at the expense of Africa’s biodiversity and ecosystems,
jeopardizing the livelihoods of millions of people depending on the goods and services provided
by nature, with broader consequences for achieving the United Nations Sustainable Development
Goals. Encouragingly, Africa can still take a more sustainable path. Here, we synthesize the key
learnings from the African Ecological Futures project. We report results from a participatory scenario
planning process around four collectively-owned scenarios and narratives for the evolution of
Africa’s ecological resource base over the next 50 years. These scenarios provided a lens to review
pressures on the natural environment, through the drivers, pressures, state, impacts, and responses
(DPSIR) framework. Based on the outcomes from each of these steps, we discuss opportunities to
reorient Africa’s development trajectories towards a sustainable path. These opportunities fall under
the broad categories of “effective natural resource governance”, “strategic planning capabilities”,
“investment safeguards and frameworks”, and “new partnership models”. Underpinning all these
opportunities are “data, management information, and decision support frameworks”. This work
can help inform collaborative action by a broad set of actors with an interest in ensuring a sustainable
ecological future for Africa.
Keywords: sustainable development; social–ecological systems; biodiversity; participatory
scenario planning; governance; strategic planning; investment; decision support frameworks; green
infrastructure; Africa
1. Introduction
Africa’s natural capital is immense-from the forests and minerals of the Congo, the
diamonds of western and southern Africa, the water towers in Guinea, to the wildlife-
packed savannahs and coral reefs of East Africa [1]. Perhaps the most unique aspect of
Africa’s natural capital is its biodiversity. The continent contains the world’s most diverse
and abundant megafaunal populations, which have been largely exterminated elsewhere
in the world [2,3]. At the same time, African people rely heavily on the services that
natural ecosystems provide such as clean water, firewood, protein from fisheries and
wildlife, building materials, and revenue from wildlife-based tourism. Many economies
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continue to be dominated by agricultural production, either for export as in the case of
cocoa production from Ghana, coffee and tea from Kenya, citrus fruits from Morocco, or
wine from South Africa or for national consumption in subsistence economies. Tourism
and other natural resource dependent sectors such as forestry and energy production add
to this dependency on the continent’s strong natural resource base. Hence, nature and
natural resources remain the foundation for Africa’s current and future development. It is
therefore concerning that the continent’s current development trajectory is undermining its
ecosystems, as evidenced by declines in wildlife populations and habitats, and degrading
freshwater systems, land, and other critical parts of ecosystems [1,4,5].
Despite strong economic advances, in particular over the past decade [6,7], Africa
can still improve on many development indicators. For example, less than 40% of the
continent’s population has access to electricity, and internet usage is at 28.2% in Africa as
compared to Europe, who are the highest users at 82.5% [8]. Many landlocked countries
lack railways and remain reliant on inefficient trucking freight transport, while only a third
of the rural population has access to roads (e.g., especially in West Africa) [6]. Moreover,
only 11% of African urban dwellers have access to sewer connections and 59% to piped
water, down from 67% in 2003 [9]. Furthermore, the number of people living in poverty in
Africa is still increasing [10], a sign of inequality in wealth distribution.
Africa’s rapid economic development, population growth, and associated needs for
access to natural resources, in particular where a large section of poverty-driven population
remains highly dependent on such resources for their livelihoods and survival, comes at a
cost to the continent’s rich natural capital. Deforestation rates are increasing, particularly
in nations with dry forests [11], wildlife populations are declining and becoming more
isolated [4], and marine and freshwater fish stocks are plummeting [12–14]. Mega infras-
tructure projects are penetrating previously remote areas, catalyzing the unsustainable
exploitation of natural resources, to feed growing local needs and the ever-increasing de-
mands of the global economic system [15]. The consequent decrease in ecosystem resilience
further aggravates the impacts of climate change, which is predicted to drive approximately
68 million to 132 million into poverty by 2030—mostly in sub-Saharan Africa [16]. If this
largely unstrategic and ecologically blind development continues, it will threaten the future
development and prosperity of the continent, with particularly severe impacts on many
of the most marginalised, vulnerable people who depend on natural resources for their
livelihoods [17].
Africa’s human population is projected to double by 2050 to 2.5 billion people, and
then double or triple again by 2100 [18,19]. Africa is also one of the fastest urbanising
regions and its burgeoning middle classes will grow from 355 million in 2010 to 1.1 billion
in 2060 [20]. This rapid population expansion, urbanisation and the growing middle class
indicates a need to vastly increase investments in infrastructure (e.g., for health, education,
transport, energy, housing), and increase demands for food production, energy, water and
other resources [21]. Finding a way to economically develop while maintaining the integrity
of the environment which people depend on is therefore one of the great challenges faced
by the continent.
However, Africa still has an opportunity to determine its own development trajectory,
and chart new pathways to sustainability. Most African nations have in place national
development plans and have committed to global targets such as the United Nations
Sustainable Development Goals (SDGs) [22], the Convention on Biological Diversity’s
Strategic Plan [23], and the UNFCCC Paris Climate Agreement [24] (Figure 1). Additionally,
all countries come together under the African Union, a multilateral governance platform
promoting continental unity and cooperation. One of the key pillars of the African Union’s
ambitious Agenda 2063 is “environmentally sustainable and climate resilient economies
and communities” [25]. Although not ubiquitous, the ambition is clear. To achieve it, Africa
must look forward and plan accordingly.
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Agenda setting can drive response opportunities and define Africa’s Ecological Futures.
“Futures thinking” involves taking a future
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evolution of Africa’s ecological resource base over the next 50 years (2015–
Figure 1. Agenda setting can drive response opportunities and define Africa’s Ecological Futures.
“Futures thinking” involves taking a future-oriented approach to strategic plan-
ning [26], backed by an understanding of the developmental and social–ecological history.
The term “futures” covers a range of techniques for understanding and anticipating, rather
than trying to predict the future. It is usually pluralised since many different futures are
possible. The aim of futures thinking is to create pathways towards ambitious long-term
goals, and it is regarded as an effective technique to inform decision making that balances
long-term planning with present action. One approach of futures thinking is scenario
planning-which present plausible descriptions about how the future may develop, based
on a coherent, internally consistent set of assumptions (or logic) about key relationships
and their driving forces [27,28]. When developed in a participatory manner, the process
includes a diverse array of relevant stakeholder views, which can improve the feasibility,
validity, uptake, and concreteness of scenarios [29–31].
Increasing the capacity for futures thinking and generating scenarios that galvanise
transformative change are recognised as important endeavours for achieving sustainability
worldwide. However, in Africa the availability of necessary expertise to apply futures think-
ing is low, and scenario analyses in the environmental field have been underutilised [32].
Moreover, developing a coherent set of scenarios for the continent is challenging, consider-
ing the rich cultural diversity, vast geographic heterogeneity which no doubt, hosts many
different, and sometimes conflicting visions of the future.
The African Ecological Futures (AEF) planning project, a joint initiative between the
African Development Bank (AfDB) and the Worldwide Fund for Nature (WWF) that took
place between 2013 and 2015, is an example of how participatory scenario planning can
benefit the continent. The process involved a series of analytical studies combined with
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workshops with policy makers and development partners with skill sets ranging from
conservation and ecology to economics and international development. The outcomes
of these workshops were four expert-developed and collectively-owned scenarios for the
evolution of Africa’s ecological resource base over the next 50 years (2015–2065).
In this paper, we synthesize the key learnings from the African Ecological Futures
project, complemented by recent data and information on subsequent developments and
trends since the release of this foundational piece of work. We (i) analyse the drivers,
pressures and impacts of Africa’s development trajectory on its environment; (ii) describe
scenarios and response opportunities to define Africa’s ecological future; and (iii) explore
two case studies (see Boxes 1 and 2), which demonstrate important leverage points. Our
hope is that our results provide information to support stakeholders committed to putting
Africa on a sustainable development trajectory now, to guarantee an ecological society
in the future. Recognising a continental set of scenarios may not be applicable to every
national context, our ambition is that these scenarios be adapted to specific national and
local contexts.
2. Approach and Methods
The approach taken for the African Ecological Futures process included three main
steps. Firstly, the scientific basis for the African Ecological Futures process was provided
by an in-depth analysis of six main sectors that are likely to shape Africa’s development:
energy, water, agriculture, extractives, trade and investment, and infrastructure. Analytical
papers on each of these six areas, commissioned by WWF and AfDB through consultancies
and internal experts, assessed the main challenges and potential development pathways
that Africa could follow over the next 50 years. Each of these papers included an exploration
of policy and development directions and their implications, as well as potential points of
intervention for ensuring a sustainable, ecologically secure pathway of growth.
Secondly, these analyses were used to inform two scenario planning workshops in 2014
and 2015. The scenarios were constructed around two axes: (i) the level of centralisation ver-
sus decentralisation of decision making; and (ii) global orientation (i.e., global production
and trade) or African orientation (i.e., intra-African production and trade) (Figure 2). These
axes represent two broad-level dimensions of Africa’s policy and development trajectory,
underlying the biggest trends in Africa’s development pathway. During the workshops,
stakeholders undertook an exploratory analysis of possible scenarios, constituted along
these two axes, to explore a wide range of potential futures across policy, management and
planning domains. A deliberate attempt was made to avoid more desirable (best-case) or
less desirable (worst-case) [19].
The first workshop in Cape Town, South Africa brought together 41 experts (both from
within WWF and external) from across the continent. The workshop had two main func-
tions: (i) to review and validate the six sector papers; and (ii) to apply the findings of these
analyses to the participatory scenario planning exercise by reflecting on the implications
of the different axes of development. The workshop resulted in a shared understanding
of key drivers and pressures central to Africa’s growth that have profound implications
for the continent’s ecological resources, and the parameters that could enable preferred
outcomes for ecologically sustainable growth in Africa. A second workshop was held at
the 15th African Ministerial Conference on the Environment (AMCEN) in Cairo, Egypt,
and brought together partners at the forefront of development and environment challenges
across Africa, including representatives from the African Development Bank, Albertine
Rift Conservation Society (ARCOS), Birdlife International, the International Union for
Conservation of Nature (IUCN), the New Partnership for Africa’s Development (NEPAD),
the United Nations Economic Commission for Africa (UNECA), and the United Nations
Environment Programme (UNEP), as well as government representatives. This second
workshop resulted in (i) a shared understanding among development partners of the
dynamics and uncertainties that will determine Africa’s ecological future; (ii) a series of
scenario narratives that can assist decision makers in identifying areas of risk and opportu-
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nities for growth; and (iii) a general understanding of how decision makers and partners
can influence development trajectories and manage emerging risks.
Figure 2. Scenarios developed during the African Ecological Futures process.
As a third step, the findings from the analysis and the participatory scenario planning
workshops were used to construct an overall African Ecological Futures report, as a
basis for continued dialogue with governments and development partners across Africa.
For the purpose of this paper, the findings of this process are summarised in the form
of an overview of the scenario narratives, an overall analysis of development trends
and their consequences, based on the drivers, pressures, state, impacts, and responses
(DPSIR) framework [33], as well as an overview of the key leverage points and response
opportunities for securing Africa’s ecological future. Furthermore, between 2015 and 2021,
a number of more concrete case studies were undertaken as part of the follow-up process,
to further analyse development trends and opportunities in a number of key sectors. The
details of these case studies are not the subject of this paper, but summaries are presented
for illustrative purposes (Boxes 1 and 2).
3. Results
3.1. Scenario Narratives
Four storylines or narratives—i.e., qualitative description of future developments—
were developed to reflect distinct trajectories for Africa and African nations:
1. “Going global” where resource- rich regions take a planned, export-driven path to
developing extractive and agricultural commodities, based on centralised decision
making and connected economic infrastructure;
2. “Helping hands” where resource rich areas are the focus of extractive economic activi-
ties driven by local actors developing local resources for export through decentralised
decision making and supported by local (off grid) infrastructure;
3. “All in together” where densely populated areas with renewable resources develop
local agricultural industries through participatory decision making and local co-
operative schemes driven by local actors; and
4. “Good neighbours” where the future is characterised by a strong drive for African-
based development to increase intra-regional trade, where countries begin to take a
coherent domestic view with regards to their production and consumption, and large
regional infrastructure investments are needed.
The scenarios were primarily intended to instigate discussion on how different local
and sectoral contexts influence the development pathways of countries and the continent,
and the consequences thereof for the environment. In this regard, there is no ‘ideal’ scenario,
nor is there the intention that these scenarios are fully reflective of reality. In fact, the four
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scenarios are not necessarily mutually exclusive for any country or region and different
areas within any country may simultaneously exhibit different scenarios for different
sectors.
3.2. Analysis of Development Trends: Where Development Meets the Environment
Here, we discuss the broad drivers of change on the continent, how these manifest on
the ground as pressures or ‘threats’ to the environment, and what impact they are having
now, and may have in the future, on Africa’s natural resource base and people.
3.2.1. Drivers of Change
A broad set of complex, interconnected, and multi-scalar drivers have and will con-
tinue to drive these environmental changes (Figure 3). We discuss these drivers, the
pressure they apply to the environment, and the impacts they are having.




viduals’ ecological footprint is still relatively small 
Figure 3. Conceptual model of drivers, pressures and impacts on the environment, as highlighted by stakeholders in
the African Ecological Futures workshops. The drivers show a top tier of higher-level influences, with many of these
interconnected and occurring at multiple scales from local to global. The second-tier highlights some of the common direct
pressures that these create, leading to pressures on the environment, including over-exploitation, habitat loss, fragmentation,
and degradation. These pressures lead to the current state of the environment.
Local and regional development factors: fric ’s r t t i l f t
defining global narratives of the 20th and 21st century. Demographic change, changing
lifestyles, and economic growth are key factors that drive growing pressures on the en-
vironment. By 2100, Africa is expected to have grown to between 3 and 4 billion people,
while its middle class is projected to triple by 2060 to 1.1 billion [34]. GDP growth rates,
which averaged 5% between 2000 and 2010 [35], are expected to continue. Despite a new
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set of challenges associated with growing inequality [36], the share of Africans living on
less than US$1.90 a day has fallen substantially—from 54% in 1990 to 41% in 2015. That
said, the actual number of poor people in Africa has increased from 278 to 413 million in the
same period due to population growth [37]. Consequently, between 1961 and 2008, Africa’s
ecological footprint (i.e., the quantity of nature required to sustain a person) doubled—
partly due to its rapidly growing population and middle class [1]. Although individuals’
ecological footprint is still relatively small [38], this will likely increase due to greater
demand for and consumption of goods and services, such as energy, housing, food, water,
land use, and infrastructure.
National governance factors: Changes in national security and democratic civil society
engagement will intensify environmental pressure. Countries without rigid democratic pro-
cesses or with wide-spread conflict tend to have weaker natural resource governance [39,40].
Poor governance and an unstable political environment, in particular accompanied by
a shrinking democratic space for civil society, can be major bottlenecks for sustainable
development. Civil society organisations are key to strong governance institutions–using
polycentric governance approaches that rely on participative approaches that build from
the local level. Advocacy efforts can result in transformative change in the behaviour of
business, governments, and consumers [41].
Global and external factors: Factors beyond the continent will also increase pressure
on the African environment. Increasing food requirements globally will put pressure on
Africa’s arable lands, which represents roughly 60% of all globally uncultivated arable land.
It is projected that global cropland will increased by 26%, or 3.35 million km2, between 2010
and 2050—particularly throughout sub-Saharan Africa [42]. Furthermore, global shocks
(e.g., oil commodity price downturns) will have downstream impacts on African nations,
inducing changes to national priorities and policies, and altering local demand for natural
resources. For example, the COVID-19 pandemic has increased pressure on the natural
environment through reduced funding for conservation and restrictions on the operations
of conservation agencies [4]. As the continent experiences rapid development, foreign
direct investment inflows into Africa have significantly increased in the last decade, albeit
contracting during the COVID-19 pandemic [18]. Investors’ values and safeguards will
influence whether potentially environmentally damaging development projects can access
capital and licensing. Climate change induced impacts—such as droughts, flooding, storm
surges, wildfires and receding glaciers—will put additional pressure on natural resources,
and likely exacerbate the impact of other drivers [43].
3.2.2. Pressures on the Environment
Drivers of change manifest as interlinked pressures that ultimately impact the envi-
ronment. These impacts occur in four broad but related categories: habitat conversion,
habitat fragmentation, habitat degradation, and overexploitation of resources (Figure 3).
Complete habitat conversion means an entire natural ecosystem with its biodiversity and
ecosystem services is converted to a human land use. As habitat is converted, remaining
intact patches become fragmented, which is particularly problematic for large migratory
mammals, but also has profound implications for the survival of species in the context of
climate change [44]. Degradation (e.g., through pollution, overgrazing, or deforestation)
results in reduced habitat quality for biodiversity and impaired ecosystem services. Overex-
ploitation, also called overharvesting, refers to harvesting a renewable resource to the point
of diminishing returns (e.g., illegal and unregulated bushmeat trade, or overfishing) [45].
The pressures, that cause these four categories of impact include:
1. Urbanisation and industrialisation: Africa’s urban areas have expanded at 5% per year
for the last 20 years, and by 2050, 1.2 billion people will live in cities [46]. Urban expan-
sion will result in the conversion of intact habitat that currently supports biodiversity
and ecosystem services, either directly to urban areas, or indirectly, to provide the
food, water, energy and other material that cities demand [47–49]. Some of this may
be planned rezoning, while much will include illegal, unplanned encroachment into
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urban green infrastructure and surrounding landscapes from unplanned peri-urban
or informal settlements [50]. Urbanisation also requires supporting infrastructure
such as roads and power lines, which will also have environmental impacts. Further-
more, unless sanitation and regulatory controls on industry are enforced, remaining
habitats in or near urban areas will become polluted and degraded.
2. Agricultural expansion and/or intensification: Agricultural land conversion is among
the largest global contributors to habitat loss, species extinction, and a major emitter
of greenhouse gases [42,51]. Under current scenarios of agricultural production, vast
areas of habitat across the continent will have to be cleared and farmed to meet the
food requirements of a richer, larger population. Under a business-as-usual scenario
it is predicted that vertebrate species in Africa will lose ~14.4% of their habitat on
average by 2050 through land conversion [42]. In particular, increasing agricultural
production threatens the most marginal land, causing the deterioration of soil and
water resources. Pollution is also likely to increase due to intensified and untargeted
use of fertilisers, herbicides, and pesticides, in part related to growing pesticide
resistance, the use of hybrid seed and less fallowing and crop rotation [52].
3. Large-scale infrastructure: Thirty-three planned or existing transportation corridors
exist across the continent that if completed, will total over 53,000 km in length [14].
The corridors involve large-scale expansion and construction of infrastructure such
as roads, railroads, pipelines, and port facilities. These will open up extensive areas
of land to new environmental pressures, and cause widespread fragmentation of
ecosystems [53]. This is particularly concerning for projects that pass through impor-
tant areas for biodiversity and wildlife, including the Southern Agricultural Growth
Corridors (SAGCOT), the Lamu Southern Sudan Transport Corridor (LAPSSET), and
many others [54].
4. Water extraction: Already, many freshwater basins and associated terrestrial ecosys-
tems that rely on them are negatively impacted by industrial overexploitation, partic-
ularly irrigation. In most African countries, less than 50% of the population has access
to improved sanitation facilities (30% in sub-Saharan Africa) and less than 75% have
access to improved drinking water sources. Climate change will further exacerbate all
aspects of water insecurity [55]. Increased volumes of water will be required, along
with appropriate infrastructure, to feed a growing population [56–58].
5. Energy infrastructure: As many as 580 million Africans do not have access to electric-
ity, and 900 million do not have clean cooking energy. Thus, substantial increases in
electricity generation and transmission are required [59,60]. Even where renewable
energy systems are created, there will likely be some level of environmental impact
from energy development. For instance, hydropower dams are projected to increase
by more than 23% by 2040 [59,61] and could lead to loss of habitats through damming.
A growth in wind power turbines could causes collisions of birds and bats [62,63].
The impacts of global energy demands will exacerbate these issues, degrading habi-
tats such as in Murchison Falls National Park, Uganda [64], and catalysing further
investment in large scale infrastructure projects [65,66].
6. Bushmeat and overfishing: Large scale bushmeat overexploitation has led to defauna-
tion of Africa’s tropical forests [67], and much of its savannahs. Likewise, overfishing
of both freshwater and marine species is driving some species to near extinction [68].
The ecological, nutritional, economic, and intrinsic values of wildlife are all at risk
of being lost because present policies and practices cannot reconcile different values,
nor manage resources sustainably. In some countries, changes in wealth or violent
conflicts may increase the consumption of bushmeat [69–71].
7. Charcoal, timber, and extraction of forest and mineral resources: Sixty-five percent
of the world’s charcoal is produced in sub-Saharan Africa, mainly by smallhold-
ers [72], driven in particular by increasing demands from growing urban areas [11].
Furthermore, industrial logging has been the biggest driver of degradation within
forested areas in Central Africa. While the growth of the African middle class is likely
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to reduce domestic charcoal use over time, there is a risk that international export
markets will remain [73]. Moreover, increased timber demand will likely continue
to drive clearing of tropical, savannah, and coastal forests and woodlands. Mineral
extraction, including materials such as cobalt used for solar photovoltaic batteries,
sand for cement, aluminum, as well as diamonds, gold, natural gas, bauxite, iron ore,
among other commodities will release toxic minerals with health impacts on local
populations [74].
8. Changing climate: The short- and long-term impacts of climate change continue to
unravel, with large scale negative impacts in urban and rural areas [43]. For instance,
it is expected that 75–250 million people in the 2020s, and 350–600 million people
by the 2050s, will be exposed to increased water stress as a result of changes in the
frequency and intensity of extreme events [55,75]. Climate change will also impact
livestock forage production, impacting the livelihoods of over 180 million people
in rangelands [76]. Global predictions for biodiversity loss suggest that African
biodiversity will lose considerable habitat with climate change [32,77].
3.3. Intervention Opportunities
The drivers of change identified during the African Ecological futures process re-
vealed fundamental risk areas for the environment. The participatory scenarios planning
workshop, subsequently, provided an opportunity to interrogate these challenges and
risks under different conditions (scenarios) as well as to identify key leverage points and
response opportunities (Figure 1). This process resulted in a number of recommended,
cross-cutting approaches, as summarised below.
3.3.1. Effective Natural Resource Governance
Most response opportunities come under the overarching umbrella of ‘effective natural
resource governance’. This includes the legislation, regulations and informal rules. Over
the last century, natural resource governance in Africa has been dominated by top-down
models of state control [78,79], which are a largely ineffective but commonplace colonial
artefact. However, over the past 50 years, concerted efforts have been made across Africa to
devolve natural resource governance [80–82]. While coming with its own challenges, this
process enables benefits to reach landowners and citizens, and if managed well, increases
the legitimacy of natural resource governance efforts [83–85].
Streamlined governance at multiple scales, from global commitments such as SDGs 16
and 17, through to national policy and local resource management can leverage capacity and
empower people to sustainably manage natural resources. Clear roles and responsibilities will
ensure that various actors understand their rights over and access to natural resources. This
also ensures there is more accountability, inclusion, and justice [86–88]. Devolving natural
resource management increases sustainability because landowners and citizens are more
likely to resist or mitigate pressures if they receive proportionally greater benefits from
their natural resources and feel a greater sense of participation in governance [50].
There are persuasive examples of this in water use, fisheries, rangelands, forest
products, and wildlife resources. For instance, communities living around the Maasai
Mara National Reserve, Kenya, receive devolved financial benefits from ecotourism, which
create an incentive strong enough for them to use the land for biodiversity conservation
and livestock grazing, and to resist the potentially more profitable but less sustainable
alternative of converting the area to croplands [89,90]. Another example is in Namibia,
where community conservancies and community forests have facilitated the significant
devolution of natural resource management authority from central government to local
resource users since 1996. Communities now have the rights to manage common pool
resources and realise the benefits of the management through income from employment in
tourism and conservation hunting, the sale of indigenous plant products and crafts, local
small and medium enterprises, and in-kind benefits such as the distribution of harvested
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game meat [91,92]. Associated to these efforts, elephant populations have been reported to
have increased on communal land, from 7500 in 1995 to 22,800 in 2016 [93].
Voluntary standards and certification schemes on the sustainability of commodities,
such as the Rainforest Alliance certification in Ghana, have shown to have beneficial
outcomes in terms financial support, information and knowledge, technical assistance-
conditioned by the presence of active farmer organisations and access to agricultural inputs
and credit [94].
By strengthening institutions at various scales, including training and financial back-
ing to ensure long term sustainability and reduce dependency on volunteerism, develop-
ment agencies, among others, can play an important role in supporting African nations to
shape their own social and ecological priorities. Likewise, social media and other new tech-
nologies (e.g., block chains, artificial intelligence) may play an important role in creating
new opportunities to support participatory and effective governance [95,96].
3.3.2. Integrated Planning Capabilities
Strategic integrated planning facilitates judicious evidence-based decision making for
coordinated land use management. Large scale social–ecological transformations, such
as agricultural and infrastructure expansion, are inevitable in Africa’s future. Currently,
most development and land use planning does not sufficiently consider ecological impacts,
is ad-hoc, and not coordinated across sectors [97]. There are immediate opportunities to
address this through more integrated planning [98].
Understanding spatial and temporal ecological sensitivity, and the ways in which
human activities can erode this, will allow decision makers to design and implement
economic, industrial, agricultural, urban, and other forms of development in less environ-
mentally damaging ways. Decision makers must have access to and use credible social and
ecological data, account for long term ecological impacts of any actions, and deploy appro-
priate frameworks for assessing environmental impacts, rigorously following mitigation
hierarchies to ensure “no net loss” of biodiversity and natural ecosystems [99]. Opportuni-
ties with developments that can be easily scaled up include (i) lengthening windows for
public review, so costs and benefits of a development and any potential negative impacts
are better discussed; and (ii) weighing up the social–ecological costs and benefits of several
alternative development options rather than just one, which is the current norm. This is
specifically relevant in the case of infrastructure development, which is often associated
with undesirable social and environmental side effects (see Box 1). A good example of this
is the “Aberdare road” project in Kenya, where an economic cost-benefit analysis identified
several alternative options that benefited the economy and people more, while potentially
impacting the environment less [100].
Integrated planning can be deployed across scales, including local, national and
regional, as a tool to overcome ad-hoc and uncoordinated responses to ecological challenges,
and pre-empt co-benefits and trade-offs, winners and losers in any scenario. For instance,
considering that agriculture will undoubtedly expand across Africa (see Box 2) significant
investment into sustainable intensification of both small and commercial producers to close
yield gaps and conserve biodiversity will be crucial. Also, meeting this increased demand
for food sustainably will require integrated spatial planning to maximise production
and reduce land degradation. Cross-sectoral collaborations will need to plan for a land
sparing-sharing continuum [101,102]. Approaches such as [103] principles for reconciling
agriculture and conservation through a landscape approach can serve as useful guides [104].
An example of good practice is the Amboseli Ecosystem Management Plan in Kenya which
integrates multiple land uses, including natural resource conservation and agriculture, for
the greater good of all stakeholders. The plan has been gazetted by local stakeholders,
county government, national government agencies and the Attorney General, following
many of the guidelines outlined in the “effective natural resource governance” section
above.
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3.3.3. Investment Safeguards and Frameworks
Establishing appropriate investment safeguards can limit ecologically damaging
projects. Firstly, this can be achieved through clear regulations which provide legisla-
tive recourse and create a disincentive for those transgressing codes of practice. Secondly,
the adoption of voluntary codes and principles by major lending institutions can help
establish clear and structured guidelines for assessing the social–ecological impacts of
investments across their lifespan. For instance, the Equator Principles is a risk manage-
ment framework established by the International Financial Corporation which provides a
minimum standard for due diligence of risk and nature-related safeguards. Such national
and international regulations can drive increased transparency, while reducing the capital
available for those who do not meet performance criteria. In general, regulations have not
been strategically or stringently applied in Africa to date, suggesting that simply following
a code of practice is the first step (see also [28]).
Forming and applying regulations to maximise benefits and limit risks of Foreign
Direct Investment and Overseas Development Assistance is also important given these
investments represent such substantial proportions of the development expenditures of
many African Nations. For example, in 2017 in the Republic of Congo, foreign investment
accounted for 39.44% of GDP [105]. Regulatory frameworks should provide clear and en-
forceable standards for non-traditional and emerging market investors operating in Africa.
Some lenders, for example, the European Union, have strict environmental regulations
in their own jurisdictions, but these do not necessarily apply when they fund projects in
Africa. For instance, the Export–Import Bank of China has provided more than USD149
billion to 1800 projects through the Belt and Road Initiative aiming to bolster a network of
land and sea links with Southeast Asia, Central Asia, the Middle East, Europe, and Africa.
China’s lending has encountered criticism of being a “debt trap” which some believe will
aggravate the financial vulnerability of developing countries with associated financial,
geopolitical, and sovereignty risks [106]. Removing this double-standard would represent
an immediate win for African sustainability, ensuring the achievement of Biodiversity
Net Gain and Net Zero targets. The Forum on China-Africa Cooperation may provide an
important opportunity for discussing solutions to these challenges.
In order to encourage the financial sector to evaluate and prioritise ecologically sound
investments, enabling frameworks and tools which allow ecological concerns to be in-
tegrated in traditional financial risk assessments need to be established. By developing
valuation methodologies that allow investors to respond to clear market signals, the value
creation opportunities inherent in preserving and creating ecological and natural capital
will emerge. In this regard, Natural Capital Accounting and Assessment is gaining rapid
ground as an approach which brings ecological considerations to the forefront of policy,
planning and decision making, particularly in the face of an uncertain future [107].
3.3.4. New Partnership Models
Many of the challenges of managing ecologically sensitive areas and assets are prob-
lems of collective action, while other examples show this can be overcome through effective
institutional arrangements and partnerships [108]. To be more effective, there is a need for
new partnership models that reconfigure the relationships between state, business, and
civil society.
For instance, new institutional structures such as water user associations, which are
increasingly being formalised across Africa, allow local communities to co-manage their
own resources through polycentric governance with help from civil society, government
and the private sector [109]. At a different scale, the “Nile Basin Initiative” is an example
of a multi-country, multi-partner initiative that presents a platform facilitating discussions
around the effective management of water and other resources in the Nile basin, promoting
stability and sustainable resource governance [110].
Public–private partnerships are also likely to play an increasingly significant role
in African sustainability. These can present important opportunities for domestic and
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international businesses to act as responsible stewards of natural resources to increase profit,
enhance their reputation and create jobs. To achieve this, businesses will need to develop
new skills and capabilities to engage as partners with communities, government, and
other businesses, and more actively contribute to shaping public procurement processes
and enabling policies (see the World Bank’s Public Private Partnership Knowledge Lab
https://pppknowledgelab.org/data, accessed on 4 August 2021).
A good example is the Akassa Brass Community Development Scheme run by Equinor
(a Norwegian company), for over 20 years, which owns several strategic oil assets in
Nigeria’s Niger Delta region. Although it is part of the often-maligned extractives sector,
by delivering social investments and infrastructure projects, and by placing an emphasis
on shared values, this scheme involving community forestry on customary land appears
to have fostered harmonious relations with host communities, private investors, and
governments [111].
3.3.5. Clear Data, Management Information, and Decision Support Tools
Underpinning all of these intervention opportunities should be clear data, information
management and decision support frameworks, each of which is vital to decision making
which reflects the value of Africa’s ecosystems and societies. Traditional decision support
tools such as cost–benefit analysis are often inadequate in their considerations of ecological
costs and benefits. This is in part because there are political judgments based on pre-existing
assumptions, and in part because they focus on monetising benefits over considerations of
the intrinsic values of ecological assets [107].
There are a number of alternative tools, such as strategic environmental assessments
(SEAs). SEAs can facilitate strategic foresight and suggest monitoring mechanisms, deter-
mine effect size and severity of an investment, consider how it can withstand future climate
impacts, and alternative routing, indirect redundancies, or severed wildlife migratory
routes [28].
Likewise, conservation planning tools that allow for spatial analyses that allocate
land parcels for multiple land uses such as agriculture and conservation in a manner that
economically optimises both land uses and achieves pre-defined objectives for each are
also available [112]. For example, there are tools which analyse mutual interdependencies,
as well as trade-offs between sectors. For instance, in Burkina Faso and Ghana, the MAXUS
tool is used to examine the spatial connections between energy development and food
security [113]. In the Rufiji River Basin, Tanzania, spatial modelling has assessed water
energy food trade-offs across infrastructural development scenarios [114].
African governments have also put natural capital accounting into practice. For in-
stance, the Government of Botswana used natural capital accounting to construct water
accounts from 1993–2012. Results from this were incorporated into the National Develop-
ment Plan 11, and were used to guide: the raw water abstraction strategy project, catchment
management committees, the National Water Master Plan review, and the Botswana Na-
tional Water Conservation and Water Demand Management Strategy [115,116].
Additionally, the United Nation’s System of Environmental-Economic Accounts is
an international framework working to incorporate nature into the System of National
Accounts. It includes the Central Framework which deals with, for example, water, energy,
and mineral accounts, and offers guidelines for the next generation of standards under
development known as Ecosystem Accounting [117]. There are other tools, however: the
Green Growth Knowledge Partnership recently published a report which reviewed 28
data platforms and tools that have the potential to be used in integrating natural capital
approaches in policy and planning processes [118].
Further work is needed to consolidate existing approaches and develop novel decision
support tools that appropriately account for ecological considerations, without being
technically complex and costly (e.g., [118]). Additionally, all decision support tools rely on
access to appropriate credible data, such as the location of ecologically sensitive areas, data
on the threats posed by economic activities, and data on possible solutions. Although there
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are efforts to enhance access to credible information, such as the conservation evidence
project (www.conservationevidence.com, accessed on 4 August 2021), data sharing and
availability is currently insufficient in many African countries [119–121]–emphasising the
need for greater open access.
Box 1. Green Infrastructure, Green Cities.
Future estimates suggest that over 60% of the total population will reside in urban areas by 2060 [46].
The needs of these residents will need to be met. Given the magnitude and potential impacts of this
task, investing in “green infrastructure” is an opportunity to improve sustainability.
Green infrastructure is a network of natural or man-made environmental features that deliver
ecosystem services within the built environment [122]. Green infrastructure is not simply open
green spaces, but include practices such as infiltration, evapotranspiration, rainwater harvesting,
bioretention, preserving, and restoring natural landscape features such as forests, floodplains,
wetlands, waterways, and their banks, as well as planting site-specific features such as trees, green
roads, road verges, permeable sidewalks, and cisterns.
Green infrastructure can provide ecosystem services, including temperature regulation, augmenting
water supply and improving water quality, while creating jobs, and mitigating and adapting to
climate change, thereby avoiding significant costs. Indirectly, it also improves the aesthetic quality of
cities, which can attract businesses, investment, and tourism and unlock financing mechanisms such
as public–private partnerships, impact investment groups, and green funds. Green infrastructure
can therefore contribute importantly towards achieving African Ecological Futures.
However, currently, there is a limited understanding of the distinction between different types of
infrastructure and in particular the potential benefits associated with green and blue infrastructure,
as opposed to conventional, grey infrastructure. Consequently, planning and policy processes in
urban areas often do not consider green alternatives for infrastructure; instead, often choosing less
suitable designs that may not provide all intended benefits. Factoring in green infrastructures in
strategic planning processes and having the right investment safeguards and frameworks in place
will ensure a balance between developing and safeguarding sensitive ecosystems.
There remain several barriers towards the large-scale application of green infrastructure, including:
a limited understanding of green infrastructure and the economic, social and ecological benefits; and
little technical guidance for how to implement green infrastructure in urban areas. Both strategic
planning and investment are limited by lack of clear “data, management information and decision
support frameworks”. Quantifying the benefits of green infrastructure is not easy, and there is
currently little Africa-specific data [123]. So, a robust evidence base for green infrastructure in
Africa needs to be developed.
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Box 2. Sustainable Agriculture.
Agriculture is the largest employer in Africa (including 175 million people in sub-Saharan Africa),
and provides an important route to overcoming poverty [6]. Agriculture contributes 15% of Africa’s
GDP on average [124], 20% of merchandise exports [125], with crops constituting 85% of the total
agricultural production value [124].
To meet growing demand for food (and other products), both extensification and intensification are
required. These both can negatively affect ecosystems, especially considering that areas of high
agricultural value are often also important for biodiversity conservation. Sustainable intensification,
where agricultural yields are increased without adverse environmental impact and without the
conversion of additional non-agricultural land, will be vital.
Sustainable intensification of agriculture in Africa is heavily dependent on ‘effective natural resource
governance’ and ‘integrated strategic planning’. It requires diverse and context-specific solutions
which are tailored to both smallholders and large-scale commercial farming [126]. These may be
in the form of advanced technologies (particularly for commercial farming), where there are also
opportunities to learn from past failures [127]. There is also a need for solutions that include agro-
ecological practices which address the immediate needs of smallholders [31], as well as globally
agreed-on certification schemes which reward sustainable agricultural practices [128].
“Decision making frameworks” which support land policy development and implementation do
exist, such as the AU/ECA/AfDB Land Policy Initiative [129,130]. However, there is scope for
significant improvements, as well as developments of novel frameworks, that appropriately account
for ecological considerations.
There is increasing investment into Africa’s agricultural sector through Africa based farmer or
private company investments, national public sector expenditure, foreign direct investment, and
overseas development assistance. For instance, the number and scale of long-term leases or
ownership of land in Africa by capital-rich private, government, or public–private sectors in
particular, has increased dramatically over the past decade, motivated principally by the rise of
commodity prices, food security, and biofuel production. Agricultural growth corridors, such as
Tanzania’s Southern Agricultural Growth corridor and Mozambique’s Beira Agricultural Corridor,
are aiming to dramatically expand land area under agriculture. However, significant challenges
remain in ensuring these efforts work for local landowners and smallholders [131], as well as
in reconciling the impacts of these agricultural corridors with areas that are deemed important
for biodiversity conservation [132]. Therefore, ‘safeguards on financial investment’ in African
agriculture are critical to limiting negative ecological impacts.
4. Conclusions
This work represents a synthesis of the findings of the African Ecological Futures
project carried out between 2013 and 2015, while also integrating additional relevant
scientific advances made since then. We reviewed the drivers, pressures, and impacts of
Africa’s development on its natural environment and described intervention opportunities
that, if leveraged, could help define a continent-wide sustainable development trajectory.
The aim of this work is to empower decision makers, investors, and implementers with
information to support smart decisions now, to guarantee a sustainable, ecological future,
ahead.
The scenarios process proved to be a valuable tool for analysing trade-offs and guiding
discussions of what is an extremely complex system of interacting parameters that influence
the potential development trajectories of Africa. By identifying a set of parameters that
are more of a societal nature, as opposed to the more traditional “green” versus “brown”
development scenarios, this analysis provides a framework for an open discussion about the
core choices to be made by policy makers in Africa-including the dynamics and implications
of external versus inward-looking development, and open versus closed societies.
This work further highlights the potential of participatory scenario planning and
futures approaches for tackling the dynamic and evolving landscape of development
challenges. While the process itself has proven effective, we recognize the limitations
of an expert-based review and scenario development process. In particular, although
efforts have been made to consider local stakeholders and the role of local governance
in this work, we acknowledge that the recommendations presented are predominantly
top-down and represent the views of ‘experts’ but not necessarily consensus from the
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broader ‘community’. For instance, alternative views from landowners, citizens and local
communities could help better understand the complexity of nature-people interactions at
local level. In future, we acknowledge that ecological futures and scenario planning must
include the knowledge and wisdom of these other voices, including but not limited to:
rural and urban land owners, communities, and citizens [107,133].
Furthermore, in the approach taken in this process, it should be noted that scenarios
derived from the African Ecological Futures process should not be seen as the end-result
of this process. Rather, the process and deliberations were intended to instigate further
discussion on how different local and sectoral contexts influence the development pathways
of countries, and the continent, and the consequences thereof for the environment. In this
regard, it is also clear that different scenarios may apply to different local and sectoral
contexts, and therefore, that the planning process should be adapted to such specific
contexts in an iterative manner.
It should also be noted that the ‘global shock’ presented by the COVID-19 pandemic
has shown that extremely rare events can have widespread and severe impacts that jeop-
ardise the success of implementing response opportunities. These extreme events can
alter the relationships and impacts of global drivers of environmental change, highlighting
vulnerabilities and disrupting progress towards achieving the sustainable development
goals [4,134]. Such events are difficult to predict, but a resilience-based approach can
allow social–ecological systems with the flexibility to respond and adapt within a changing
environment [135].
The analysis and perspectives we share above are specific to Africa, but the entire
planet faces an uncertain social–ecological future. We must develop and implement pro-
cesses and approaches for innovating, analysing and communicating alternative develop-
ment trajectories and sustainable futures. For instance, the recently completed review on
The Economics of Biodiversity [107] identified three potential pathways to sustainability:
(i) ensure that our demands on nature do not exceed supply, and that we increase nature’s
supply relative to its current level; (ii) change our measures of economic success to help
guide us on a more sustainable path; and (iii) transform our institutions and systems to
enable and sustain these changes for future generations. Exploring the implications of
these pathways in the context of a scenarios process will be critical to identifying actionable
and evidence-based development interventions to guide policy decisions.
The overall imperative of development across the continent, coupled with increased
access to information, new decision support and planning tools, emerging new technolo-
gies, and an increasing interest in nature and sustainability provide a unique opportunity
to redefine the continent’s future. In particular, national and regional decision makers can
learn from the short term and extractive development pathways followed by industrialised
nations which dramatically depleted their own and others’ ecosystems, wiping out bio-
diversity, undermining resilience and imperilling the planet in their unbridled pursuit of
economic growth. The challenge is a development pathway that is just and equitable so
that no one is left behind while simultaneously delivering benefits to people and nature.
African citizens and leaders have the ability to control their own ecological destiny-but
it requires shared vision, robust evidence, and a committed and coordinated response.
An inclusive African Ecological Futures process that recognises both endogenous and
exogenous drivers, threats, and opportunities is a critical first step towards realising
dynamic new development pathways for the continent. However, we cannot walk these
pathways alone. Our future is tied to the future of the planet and we must work together
as a continent and as a global community to embrace new trajectories, new approaches,
new technologies, and new values—that recognise and strengthen nature’s critical role
in economic development and human wellbeing—as part of a sustainable global future
that addresses human-induced change and ensures the resilience and stability of the earth
system overall.
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